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TITLE 

Fluorescent dye doped polymer optical fibres 
for energy eaving illumination and 
display applications 



FIELD 

The present invention relates to fluorescent dye doped 
optical fibres and in partictilar display and illumination 
devices which are based on these fibres • 

DISPLAY TECHNOIiOGfY 

This invention relates to display technology. Fluorescent 
dye doped polymer fibres can be used to collect ambient 
light. By introducing red, green and blue light emitting 
fluorescent dyes into the polymer host material, the 
colour of the emitted light at the end of the fibre cam 
be changed into tlie required specification. By a suitable 
ccanbination of the optical fibre geometry (length and 
diameter) and the appropriate fluorescent dye, the light 
power density at the end of the fibre (light emitter) can 
be made much larger than the light power density of the 
ambient light and therefore can be used for illumination 
or display applications. Furthermore, the contrast 
between the light power density at the ehd of the fibre 
and the light jxjwer density of the ambient light remains 
constant because this parameter does only depend on the 
gec^netrical and material parameters for a given fibre but 
does not depend on the ambient light conditions. The end 
of the fibres can be used as light emitting pixels in an 
array. By modulating the light intensity at the end of 
each fibre selectively, the fibre array can be used as a 
display device. 
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HISTORY 

In this field it is already known that optical fibres can 
be used to convioy information either in telecorroiini cation 
or in display technology. 



But this has the disadvantage that 

the light is generated by applying external electrical 
power and converting this electrical power into light 
power and consecjuently this method comsumes electrical 
power 
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It is an object of the present invention to provide 
improved optical fibres for use in illumination and 
display applications . 

According to the present invention there is provided 
fluorescent dye doped optical fibres for use in visual 
display comprising a optically transparent polymer 
doped with organic fluorescent dye molecules wherein 
fluorescent light is generated when artificial ambient 
light, daylight or sunlight enters the fibres. 

Whereas in general any transparent polymer may be used, 
suitably the transparent polymer is chosen from the 
group comprising FMI^, polycarbonate and polystyrene. 

Whereas in general any organic fluorescent dye can be 
used, suitably the fluorescent dye molecules are chosen 
from the group comprising PBD, Bis-MSB, 3-3'- 
diethyloxycarbocyanine-iodide and cresyl violet 670 
perchlorate . 

The magnitude of the fluorescent light emitted from a 
fibre is given by the equation Aa/Ae = 2L/r wherein Aa 
is the surface area of the fibre and Ae is the area at 
which the fluorescent light is emitted. 

In a preferred embodiment the radius of a fibre is 
between 0.25 and 0.70 x 10"^ meters and the length of 
the fibre is between 0.2 and 1.6 meters. 

Clearly the dimensions of the fibres will depend on 
their use in proposed displays . 

The invention also provides the use of the fibres as 
display pixels where artificial ambient light or 
sunlight provide excitation sources . 
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The invention further provides display devices 
comprising a plurality of fibres as described herein, 

The plurality of fibres xnay include fibres to en.it a 
variety of colours. 



The devices may further comprise shutters to control 
emission from the individual fibres in a device. 



DESCRIPTION 



th^ are lighter .M ml^e fa^bJT 

nouldea ea».„ i„.o the ^eSrSS'^A.^':^^^:,-" ^ 

fluorescent dye ooleaulea. Suitable «iateri;i. 
fluoreacent dye »olooulea are .on>e orj^rMahfv 
efficient material, such as; highly 

<^"<"P^'"'»-5-«-tertbutylphenyl)-l 3 J- 
oxadia^ole, for blue light emiwioj " ' ^'^"^ 

^«i';r^' >'-''^»<°— ">yl3t^ryl, benzene for blue light 
2uf;f;;?"'^"^=»*°'=^"-i°<^'^ green light 

^r,ZtZ>2t°^''' 6'0 Perohlorate, (5-imi„o-5H- 
Sght i:lSr»'""""°-™^'" "-nnoperchlorate ror red 

light x%a^i^n?';:irv^r*irs„rar"°^^"=^" 

fluorescent dye can iTT.^ general, any organic 

Light from ambient enters into t-y,^ ♦^^v, 

arriving from the opti^riy ^Lf Ln^ 5^°^"^^ 

sj^:=i'e.^%-ESHI 3— r - -""^^ 

wiijian the polymer due to the wave 
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Sffi^?^^f^f ^ the angle of total internal 
reflection) In the optically ino«, dense matarial 
Consequently the fluorescent light generated and" 
waveguaded ineido the optical fibre can be directed 
or'^pj^y.^ °^ ^^""^ utilised for illumination 

JiJ^rS""^ lightly emitted at the end of the optical 
fibre dependa on the geometry of the fibre and the 

rr;;^"Sr''^''" °^ ^^^^^^ ^« polymer. The anJbient 

tif ^n^^^ -^^^^^ ^« collected ov^r 

the surface of the polymer fibre and the fluorescent 

itt^L^''^T^^''i^ omitted at the two ends of the 

optical fibre Therefore the magnitude of the fluorescent 
tV^^^tlilTlt^"" P-Portional to the total surfaS ^^a 

iLtlr i^l rSt concentration) . The surface 

area of the fibre A. is given by; 

S^"^/*^ ^^""--'^nt li,ht i. matted A. ia 

Where r is the radius of the fibre. 

Wierefore for a give dye concentration, the magnitude of 
the emitted light flux P. (watt/cm') at t^e end oftte 
fibre 18 proportional to the ratio of; 

According to (3j, the magnitude of the fluorescent 

f^TlJ^^lt^^lZT T ^'^^ P-P--ti^al to 

^Siinf tSf Sb^.'"^ aversely proportional to the 

AS an exan^jle Figure 2 shows the optical spectrum 

fll r^. intensity as a function ^length) 

l Ut.^^^^f^'^.^^ optical fibre, having a radius of 

0 45x10 ; meter (0.45 mm) and a length of 1 meter 

^ttf^i"?- *^ ""^^ ambient (office lighting) and 

emitting light in the green part of the optical s^ctrL 
F-igure 3 shows the co«f>arison of the optT^^pecS ^S^' 
the ambient light and the same green opti Si l^^s tn 
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Figure 2 . It can be seen that by selecting the 
appropriate dye in the polymer fibre, the colour of the 

^tted light can be very solftctive as opposed to the 
Whits light conditions in the ambient light. 

As an examplG, the total optical power density of the 

^i?^ *^ff ^-ible part of the spectrum under 

typical^ office illumination conditions) is 1.78x10"^ 
Watt/cm and the total optical power density of the green 
fir^J^r^!'' generated at the two ends of a 1 me^ 

length fxbre (radius 0.45x10"* meter) is 7x10-^ Watt/cm^ 
This light power density (produced in the "selected" 
JJr"^^^''^ visible light spectrum) is much larger 

^.""^^"^ ^''^'^ density for the ambient 
fS^ ii thei^ote ean be easily distinguished 

^^t'^t^^ llGht emitting pixels (using the end of the 
SiS^ / f ^ utilised as display pixels for a 

^^ff^^f applications including road side displays (using 

^ as excitation source) , information dispiays 
mside buildings (with artificial ambient light 
conditions) or information displays in open air venue«. 

""f ^" polymer matrix, the colour of 

the fluorescent light can bo tuned into red, green ^ 

^ "--^ t"^^^ ""'^^^ displays consisting of primar^ red 
green and blue light emitting pixels can be fSbric^eS 

^i-?^*^^*" ^^^''^r fluorescent light 

emitted from the polymer fibre and the total power of 
ambient light remains constant (as opposed to S^tTonal 
displays using electrical power) , and therefore dts^l^ 
based on light emitting fluorescent fibre pixels can 2 
used either in direct sunlight or dimmed llgh? 
conditions, without any change of the contrast. 

Ifrrtt i»P«^tant to note that the green fluorescent 

density (7x10- Watt/cm^) is also much l^Jr 

T^rSS^'T" ^^^"^^^ produced 

fiy a CRT (CaUiode Ray Tube) in a conventional computer 
screen (1x10- Watt/cm') . m other words, the 1^^ 
emitting polymer fibre pixels can produce a light power 
densities (at different colours) for display purpo^s 
which are 70 times brighter than the CRT 
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Figure 4. ehowa t±iat by selecting another dye, the colour 
of the emitted, fluorescent light at the end of the fibre 
can be changed fjrom green (Figure 2.) to yellow. 

By applying an electro-mechanical shutter or a liquid 
crystal based electro-optical shutter (using nemati.C/ 
ferroelectric or cholesteric liquid crystals or liquid 
crystal -polymer con^xsaites) at the end of the individual 
fluorescent light emitting pixels an el €K3tro -optical 
display can be build to display information without the 
need to supply electrical power to the pixels for light 
generation and therefore a considerable saving in 
electrical energy can be achieved, 

Ajs an exao^le. Figure 5. shows a sohematical structure of 
a display unit which can be used for display 
applications - 

SUMMARY 

In suranary, this invention describes a particular device 
(or device technology) which can be used to make novel 
types of displays or illuml nation units by using ambient 
light for generation of fluorescent light and collecting 
the fluorescent light by waveguiding. 

ADVANTAGES 

The fluorescent light emitting polymer fibres use ambient 
light for excitation therefore do not require external 
electrical, power. 

The optical power density from the fluorescent optical 
fibre is higher than the optical power density of the 
ambient light. The ratio between these optical power 
densities does not depend on the ambient light 
conditions , 



